. The relationship between executive functions and emotion regulation in females attending therapeutic community treatment for substance use disorder. Drug and Alcohol Dependence, The relationship between executive functions and emotion regulation in females attending therapeutic community treatment for substance use disorder Abstract © 2017 Elsevier B.V. Background Difficulties in emotion regulation influence the development of substance use disorder (SUD), its severity, course, treatment outcomes, and relapse. Impaired executive functions (EFs) are common in SUD populations and may relate to emotion dysregulation. The current study tested whether performance on three basic EF tasks ('working memory', 'inhibition', and 'task-switching') and/or inventorybased assessment of EF were related to difficulties in emotion regulation in females attending residential SUD therapeutic community treatment. Methods Cross-sectional design in which participants (N = 50, all female) completed a questionnaire battery including the Difficulties in Emotion Regulation Scale (DERS) and Behavior Rating Inventory of Executive Function -Adult Version (BRIEF-A) was used. Participants also completed neuropsychological assessment of EF including the Working Memory Index (WMI; Wechsler Adult Intelligence Scale), and measures of inhibition and task-switching (Color-Word Interference Test; Delis-Kaplan Executive Function System). Results Executive dysfunction, as assessed by the Global Executive Composite (GEC; BRIEF-A), and personality disorder indicators (Standardised Assessment of PersonalityAbbreviated Scale; SAPAS) were positively correlated with DERS scores. Sequential hierarchical regression indicated that task-switching, GEC, and SAPAS scores statistically predicted DERS scores, while working memory and inhibition did not. Mediation analysis indicated that there was a significant indirect effect of GEC scores and task-switching performance on DERS scores, through SAPAS scores. Conclusions Impairment of EF, particularly task-switching, is related to difficulties in emotion regulation in a female sample attending residential SUD treatment. Cognitive training interventions that improve task-switching performance may be beneficial in promoting effective emotion regulation and improved SUD treatment outcomes.
Introduction
When an emotion arises, a complex interplay between subjective experience, cognition, physiological changes, and behavioral components takes place, with neural bases such as the lateral prefrontal and parietal cortices and the ventral anterior cingulate and ventromedial prefrontal cortices implicated (Etkin et al., 2015) . The pursuit of desired emotional states in everyday life is ubiquitous and "emotion regulation" denotes this process; that of modifying the intensity or duration of existing emotions in order to maintain goal-directed behavior (Tamir, 2016) .
Emotion dysregulation is implicated in various forms of psychopathology (Aldao et al., 2010) , including substance use disorder (SUD; Cheetham et al., 2010) , in which it has a significant effect on the initiation, severity, and prognosis of the disorder (Wilcox et al., 2016) . For example, the capacity for effective emotion regulation is under development during adolescence and may, in combination with other risk factors, increase the likelihood of early initiation of substance use, disruption of neuromaturational processes, and subsequent poor prognosis (Gladwin et al., 2011; Lubman et al., 2007; Smith and Cyders, 2016; Wills et al., 2016) .
Individuals with affective disorders (e.g., anxiety and mood disorders) commonly experience comorbid SUD and, conversely, SUDs also contribute to the development of affective disorders (Cheetham et al., 2010) . Additionally, SUD populations experience greater difficulties with emotion regulation relative to controls (Wilcox and Adinoff, 2015) and substance use may develop as a mechanism to relieve negative affect (Blevins et al., 2016) . Emotion dysregulation increases the severity of SUD (Tull et al., 2015) and predicts relapse to substance use (Witkiewitz and Wu, 2010) , while reductions in negative affect predict reduced SUD severity following treatment completion (Mo and Deane, 2016) .
Akin to the role of emotion dysregulation in SUD, cognitive deficits are commonly observed and also impede the treatment process. Cognitive impairment is one of the four most common risk factors for dropout from SUD treatment (Brorson et al., 2013) and the specific impairment of executive function (EF) is well documented in SUD populations (Fernández-Serrano et al., 2010; Hester et al., 2010) .
Along with the challenges to effective SUD treatment associated with emotion dysregulation and cognitive deficits, comorbid personality disorder is a significant risk factor for early dropout (Brorson et al., 2013) and is highly prevalent in SUD populations (Grant et al., 2015; Grant et al., 2016) . Further to this, personality disorder is independently associated with cognitive deficits, with the most commonly observed deficits in memory, decision-making, and EFs (Unoka & Richman, 2016) .
While several conceptualisations of EF exist, Miyake et al. (2000) proposed the unity/diversity framework of EF, which posits three separable, basic EFs:
'working memory', 'inhibition', and 'task-switching' (Friedman and Miyake, 2017; Miyake and Friedman, 2012) . Working memory refers to the capacity to monitor and alter the contents of working memory, inhibition is the ability to override an unwanted distraction to maintain task-focus, and task-switching involves flexibly switching attention between tasks or mental sets (Hofmann et al., 2012) .
It has been proposed that these basic EFs (i.e., working memory, inhibition, and task-switching) may subserve effective emotion regulation (Hofmann et al., 2012; Schmeichel and Tang, 2015) . The contributions of working memory, inhibition, and task-switching to emotion regulation have been explored in a number of studies, predominantly drawing from nonclinical populations. For example, a series of studies explored the role of working memory (assessed using the operation span task) in emotion regulation within a university student sample (Schmeichel and Demaree, 2010; Schmeichel et al., 2008) . Participants with a higher working memory capacity were better able to appraise emotional stimuli and, consequently, more effectively experience and express emotion (Schmeichel et al., 2008) ; these abilities were not confounded with higher working memory capacity leading to participants being better able to follow instructions (Schmeichel and Demaree, 2010) . Another study in a community sample found that effective reappraisal of emotions was predicted by higher working memory capacity in a modified operation span task (McRae et al., 2012) . The specific role of updating the contents of working memory in emotion regulation was explored in university students using the emotional 2-back task (Pe et al., 2015) . Participants with better updating abilities displayed higher levels of emotional reactivity, but were more quickly and effectively able to regulate their emotions and return to a baseline level of arousal.
Several studies have demonstrated links between inhibition and emotion regulation. Inhibition performance, as measured by the Stroop task, was found to predict effective restraint of socially inappropriate behaviors in university students (von Hippel and Gonsalkorale, 2005) . Similarly, university students who demonstrated poorer inhibition performance in the stop-signal task experienced larger increases in negative emotions following an emotion induction paradigm, relative to those with better inhibition performance (Tang and Schmeichel, 2014) . In a sample of 5-to 7-year-old children, inhibition performance assessed by a go/no-go task predicted effort exerted in regulating emotions (Hudson and Jacques, 2014) , with similar findings demonstrated in preschool-aged children (Carlson and Wang, 2007) .
In a clinical sample of patients with frontal lobe damage, inhibition performance via a go/no-go task mediated the relationship between prefrontal lobe damage and maladaptive emotion regulation strategies (Falquez et al., 2015) .
There is a paucity of studies investigating the role of task-switching in emotion regulation (Schmeichel and Tang, 2015) . The previously mentioned study of working memory by McRae et al. (2012) , also included a measure of task-switching (i.e., set-shifting costs based on a standardized global/local task), and found that as well as working memory capacity, task-switching also predicted effective reappraisal of emotions.
While a range of studies have investigated the role of working memory, inhibition, and, to a lesser extent, task-switching, these studies have primarily involved nonclinical populations and to the best of our knowledge, the role of these basic EFs in emotion regulation have not been explored in an SUD population. There is also a paucity of studies directly examining a relationship between EFs and emotion regulation in other psychiatric populations, despite clear deficits in each of these domains being widely reported (e.g., EF deficits in depression (Snyder, 2013) ; anxiety (de Lima Muller et al., 2015) ; bipolar disorder (Cullen et al., 2016) ; schizophrenia (Kluwe-Schiavon et al., 2013) ; post-traumatic stress disorder (Polak et al., 2012) ; borderline personality disorder (McClure et al., 2016) ; with emotion regulation deficits in these same populations (e.g., Gratz et al., 2016; Green et al., 2007; Joormann & Stanton, 2016; Seligowski et al., 2015; van Zutphen et al., 2015; Zilverstand et al., 2016) ).
While these basic performance-based EF tasks are sensitive to impairment of the frontal lobes (Jurado and Rosselli, 2007) , some tasks may arguably have limited ecological validity and may not capture impaired functioning as effectively as inventory-based (i.e., self-report) assessment of EFs (Isquith et al., 2013) .
Furthermore, performance-and inventory-based measures of EFs are minimally correlated and may assess distinct components of EFs (Toplak et al., 2013) . For example, inventory-based assessment of EFs, using the Behavior Rating Inventory of Executive Function -Adult Version (BRIEF-A; Roth et al., 2005) , more effectively distinguished polysubstance users from controls and was more strongly associated with social adjustment outcomes, compared to performance-based measures (Hagen et al., 2016) . In light of these considerations, the current study included both performance-and inventory-based assessment of EFs.
Given the importance of emotion regulation in SUD treatment and the potential connection between EFs and effective emotion regulation, the current study sought to ascertain whether inventory-based assessment of EFs, and/or performancebased assessment of working memory, inhibition, and task-switching performance were related to difficulties in emotion regulation in an all-female residential SUD population. A further aim of the current study was to explore the role of personality disorder in the relationship between EFs and emotion dysregulation, given its high prevalence in SUD populations, deleterious effect on SUD treatment, and independent association with cognitive deficits.
Material and methods

Participants
Participants (N = 50) were recruited from We Help Ourselves (WHOs), a large provider of residential SUD treatment in Australia, which utilises the Therapeutic Community model of treatment (De Leon, 1989) . Inclusion criteria for the study were: (i) diagnosis of substance abuse/dependence, based on DSM-IV-TR criteria 1 , 1 DSM-5 criteria for substance use disorder do not separate abuse and dependence, but provide criteria for these specifiers. Despite this, DSM-5 criteria are almost identical to those used in DSM-IV-TR (with the exception of removal of recurrent legal problems associated with substance use criterion and the addition of craving or assessed using the Mini-International Neuropsychiatric Interview (MINI-Plus; Sheehan et al., 1998) , (ii) a minimum abstinence period of 7 days (with confirmation of detoxification a prerequisite of entry to treatment), (iii) absence of any neurological, infectious, or other disease affecting the central nervous system (e.g., epileptic
seizures, stroke, brain tumour, meningitis, encephalitis, multiple sclerosis, HIV positive), and (iv) English as native language. Limited leave from the residential facility, close observation by staff and other residents, and random urine tests assured abstinence (excluding caffeine and nicotine) during the course of participation in this study.
Procedure
Data from this study were drawn from baseline assessments of a subsequent study that investigated the effects of cognitive remediation in residents of an SUD therapeutic community (Marceau et al., 2017) . All residents in the treatment facility were invited to participate in the study and the recruitment rate was 96%. Participants were female, aged between 19 and 56 years (M = 32.5, SD = 8.1), and had completed an average of 10.8 years of education (SD = 2.5, range 6-20). Participants had been in treatment for an average of 46.9 days (SD = 38.9, range 2-160).
Screening, diagnostic and clinical assessment
Diagnostic and clinical assessment at baseline included the following:
Diagnoses of substance abuse/dependence and other current and past Axis I diagnoses were assessed using the MINI-Plus. Screening for personality disorder diagnoses was conducted using the Standardised Assessment of Personality -Abbreviated Scale (SAPAS; Moran et al., 2003) , as shown to be an appropriate time-efficient and costeffective assessment for SUD populations (Gonzalez, 2014; Hesse and Moran, 2010;  strong desire to use a substance criterion, as well as slight changes in number of criteria required to meet diagnostic thresholds). Hesse et al., 2008) . The SAPAS is an 8-item scale including questions such as, "In general, do you have difficulty making and keeping friends?" and "In general, do you trust other people?". Participants were instructed that the questions were about "how you behave and the way you think and feel things usually -in other words they are about your behavior and your way of being in general" and were asked to answer with a yes/no response. In the case of answering "yes" to a question, participants were then asked if their response applied "most of the time and in most situations" to which they also responded yes or no. SAPAS responses were scored as per the standardized instructions (i.e., one point assigned when participants endorsed both initial and follow-up questions). Scores ≥ 4 are considered to be an indicator of personality disorder, as this threshold demonstrated correct classification of 73.6% of an inpatient SUD sample, with a sensitivity of 81.8% and a specificity of 67.7% (Gonzalez, 2014) .
The SAPAS demonstrated concurrent validity in an SUD sample, as it correlated with other personality disorder measures after controlling for psychiatric symptoms and recent substance use (Hesse and Moran, 2010) . Additionally, the SAPAS demonstrated modest internal consistency and test-retest correlation, and was shown to correlate with clinician-report of externalising and global assessment of functioning (Hesse et al., 2008) . The current study utilised SAPAS scores as a dimensional indicator of personality disorder, in light of research suggesting that personality disorder may be more accurately characterised as a dimensional, rather than categorical, construct (Karukivi et al., 2017) . Higher scores indicated greater likelihood and severity of personality disorder. Gratz and Roemer, 2004 Hopwood et al., 2015; Tull et al., 2012) and was positively correlated with amygdala D2-type dopamine receptor availability in methamphetamine users and healthy controls (Okita et al., 2016) . 
Measures
Difficulties in Emotion Regulation Scale (DERS;
Behavior Rating Inventory of Executive Function -Adult Version (BRIEF-
A
Working memory: Working Memory Index (WMI; Wechsler Adult Intelligence
Scale, fourth edition: WAIS-IV; Wechsler, 2008) . The WMI of the WAIS-IV assesses components of working memory and is comprised of 2 subtests, which were administered as per the standardized instructions. The digit span subtest requires participants to recall various sequences of numbers (forward, backward, and in sequence) and the arithmetic subtest involves participants solving numerical problems within 30 seconds, after they have been read aloud by the examiner. The outcome variable was computed by following the standard scoring instructions and was the sum of the 2 subtests, which yielded a scaled index score, with higher scores corresponding to better performance.
2.3.1.2. Inhibition and task-switching: Color-Word Interference Test (Delis-
Kaplan Executive Function System: D-KEFS; Delis et al., 2001) . These subtests of the D-KEFS assess response inhibition and task-switching. Participants are instructed to read the items presented in each of four conditions as quickly and accurately as possible. Performance is measured in time (seconds). The first condition presents patches of colors and requires participants to name the colors. The second condition presents the words "red", "blue", and "green" and requires participants to read the words. The third condition presents words printed in incongruent colors and requires the participant to ignore the word and say the color. The fourth condition presents words printed in incongruent colors and requires the participant to switch between two rules: (a) ignore the word and say the color; and (b) ignore the color and say the word. Outcome variables were scaled scores of inhibition (condition 3 scaled score) and task-switching (condition 4 scaled score minus condition 3 scaled score). Higher scores reflect better performance.
Statistical methods
All statistical analyses were performed using IBM Statistical Package for the Sample size was chosen on the basis of utilising the largest available sample at baseline in a study that subsequently investigated the effects of a cognitive remediation intervention vs. treatment as usual (Marceau et al., 2017) . In guiding number of variables included in the regression analyses, it has been suggested that including two subjects per variable is adequate (Austin & Steyerberg, 2015) . All statistical assumptions were tested and satisfied (i.e., independence of observations; linear relationships between variables; homoscedasticity of residuals; multicollinearity; outliers, high leverage points, highly influential points; normal distribution of residuals). In the final stage, four mediation models based on the outcomes of the regression analysis were tested in order to explore the influence of comorbid personality disorders on the relationship between EFs and emotion regulation. The mediation models were tested using the PROCESS macro (release 2.16.2; Hayes, 2013), recommended as an alternative to the causal step approach (Hayes, 2009; Hayes and Rockwood, 2016) , and indirect effect was calculated using a bias-corrected and accelerated (BCa) bootstrapped confidence interval (CI) method, based on 5000 samples. Bonferroni correction was utilised to account for multiple comparisons (p < .05 / 4 = p < .0125).
Results
Socio-demographic and substance use characteristics of the sample are displayed in Table 1, determined that relative to standardised normative scores, the sample scored significantly lower on the WMI, t(49) = -6.42, p < .001, and had significantly higher GEC scores, t(49) = 6.17, p < .001, indicating higher levels of executive dysfunction. Table 2 displays psychiatric comorbidities, with the majority of the sample (64%) meeting criteria for both current and past Axis I diagnoses, and 40% meeting the screening threshold for a personality disorder diagnosis. Significant heterogeneity of psychiatric comorbidities was observed. The sample was representative of individuals in therapeutic community treatment for SUD (Darke et al., 2012) . Predictor variables for the sequential hierarchical regression were entered in the following order: years of education (
Step 1); current Axis I diagnosis (excluding SUD;
Step 2); global self-report measure of EFs: GEC scores (Step 3); three specific EF components: performance in WMI, inhibition, and task-switching tasks (Step 4 and SAPAS scores contributed to DERS scores in descending order of statistical significance. A post-hoc power analysis for the sequential hierarchical regression model was conducted using the software package, G*Power version 3.1 (Faul et al., 2009 ). The partial R 2 value of .53 and sample size of 49 were used in the analysis, with 7 predictor variables, and 5 tested predictor variables, and alpha set at p < .05.
Results indicated that statistical power exceeded .99 for the detection of a large effect, suggesting adequate power.
In light of these regression results highlighting the contribution of EFs in general, and the task-switching component of EFs in particular in the prediction of DERS scores, a series of Bonferroni-corrected mediation analyses were employed to examine the relationship between EFs and difficulties in emotion regulation.
Specifically, the role Table 4 Regression coefficients of education, executive functions, and psychiatric comorbidities in predicting
Difficulties in Emotion Regulation Scale (DERS) scores
Step 1 Education 0.60 .06 0.40 .003
Step of personality disorder, as indexed by SAPAS scores, was considered as a mediator.
As shown in Figure 1 , there was a significant indirect effect of GEC scores and taskswitching performance on DERS scores, through SAPAS scores. The ratio of the indirect effect to the total effect was calculated to provide a measure of effect size: P M = ab ÷ c (Wen and Fan, 2015) ; 
Discussion
This study sought to determine the relationships between working memory, inhibition, and task-switching performance, as well as inventory-based assessment of EFs and difficulties in emotion regulation in an all-female residential SUD sample attending therapeutic community treatment. This aim was based upon the theoretical framework proposing that the capacity for effective emotion regulation may be subserved by performance in basic EF tasks (Hofmann et al., 2012; Schmeichel and Tang, 2015) . Results indicated that inventory-based executive dysfunction and personality disorder indicator scores were positively correlated with difficulties in emotion regulation. Additionally, task-switching performance was negatively correlated with emotion regulation difficulties. In the final hierarchical regression model, task-switching, executive dysfunction, and personality disorder indicator scores had the strongest associations with difficulties in emotion regulation.
Subsequent to this, four mediation models were employed to examine the relationship between inventory-and performed-based EFs, and difficulties in emotion regulation.
There was a significant indirect effect of inventory-based EFs and task-switching performance, respectively, on difficulties in emotion regulation, through personality disorder indicator scores. This suggests that the relationship between both inventorybased assessment of executive dysfunction and deficits in task-switching performance, respectively, and difficulties in emotion regulation may be partly explained by the role of personality disorder.
Emotion regulation plays a crucial role in the development, severity, treatment outcomes, and prognosis of SUD (Wilcox et al., 2016) , and increased understanding of corresponding neurocognitive impairments and the discovery of neurobiological substrates may serve to advance assessment strategies and the development of interventions that target emotion dysregulation in SUD treatment. Findings from the current study indicate that, compared to other basic performance-based EFs (i.e., working memory and inhibition), task-switching was uniquely associated with difficulties in emotion regulation. Additionally, this relationship was partly explained by personality disorder. Personality disorder was found to explain additional variance beyond the effect of control variables and EFs measures in its relationship to difficulties in emotion regulation. A potential explanation for this is that while evidence indicates significant EF deficits in personality disorder populations (GarciaVillamisar et al., 2017) , impairments in decision-making, memory, visuospatial, processing speed, and verbal intelligence domains are also commonly observed (Unoka & Richman, 2016) , and may be related to emotion dysregulation. An alternative explanation is that other factors related to personality disorder (e.g., specific symptoms, interpersonal style) further contribute to difficulties in emotion regulation independently of cognitive deficits. Given that personality disorder has been identified as one of the top four risk factors for dropout from SUD treatment (Brorson et al., 2013) , there is a pressing need for adjunct interventions and modifications to treatment that bolster individuals with co-occurring SUD, personality disorder, and/or cognitive deficits, and increase the likelihood of treatment engagement and completion.
Along with the unique role of task-switching as a performance-based EF that was associated with difficulties in emotion regulation, inventory-based assessment of executive dysfunction was also uniquely related to difficulties in emotion regulation, with this relationship partly explained by personality disorder. This finding is congruent with research suggesting that inventory-and performance-based measures of EFs may assess distinct components of EFs (Hagen et al., 2016; Toplak et al., 2013) .
Recently, a number of studies have explored the potential for cognitive screening (e.g., Marceau et al., 2016) and training/remediation interventions to respectively facilitate the detection of cognitive dysfunction, and improve cognition, functional outcomes, and treatment retention in SUD populations (Manning et al., 2017; Marceau et al., 2017; Verdejo-García, 2016) . Four main classes of interventions have been trialled based on two major proposed neuroscientific mechanisms: (i) reorienting biases towards impulsive action (i.e., bottom-up approach) and (ii)
strengthening EFs (i.e., top-down approach), with cognitive bias modification and response inhibition training located within the former category, and working memory training and goal-directed interventions in the latter (Verdejo-García, 2016) .
Identifying the neurobiological mechanisms of these interventions is an area currently under investigation, but it is proposed that all interventions share the common underlying elements of normalising dysfunctional activity related to reward circuitry and also the strengthening of the inhibitory control network (Zilverstand et al., 2016) .
A range of cognitive domains have been targeted through cognitive training interventions for SUD, including working memory, inhibition, attention, sustained attention, logical reasoning, decision-making, and broad EFs (Marceau et al., 2017; Verdejo-García, 2016) . Gaining a more in-depth understanding of the specific active ingredients of these interventions and how they relate to improvements in neurocognitive performance as well as meaningful clinical outcomes is an important area for further exploration. Given that findings from the current study suggest a relationship between task-switching and emotion regulation, future studies may wish to investigate this further, by assessing whether cognitive training interventions that specifically target improvement in task-switching performance are efficacious within SUD treatment and whether they also lead to improved emotion regulation capacity.
As per the recommendations of Hofmann et al. (2012) , future research may seek to further examine the relationships between basic EFs and measures of selfregulation more broadly, using a number of proposed theoretical models. Specific to the addiction field, this line of research may provide significant evidence that could serve to inform the development of targeted cognitive training interventions. For example, future studies could examine the relationships between basic EFs (i.e., working memory, inhibition, task-switching) and a range of other self-regulation outcomes (e.g., self-control, responding to cravings in the context of substance-cues, etc.), to explore potential nuances involving mediating or moderating factors. This endeavour may be enhanced by employing measures that capture data from multiple levels of analysis (e.g., self-report, neurocognitive, neuroimaging; for a recent example investigating self-control in a nonclinical population, refer to Paschke et al., 2016) . Furthermore, the inclusion of functional outcomes pertaining to SUD treatment and recovery in studies exploring the relationships between basic EFs and selfregulation may enhance this line of research and lead to fruitful, clinically relevant findings.
Performance on EFs tasks is partly shaped by individual differences (Miyake and Friedman, 2012) . Additionally, individual factors also shape the trajectory of cognitive recovery in SUD (Bates et al., 2013) . There are a variety of pathways leading to the onset of drug and alcohol addiction based on pre-existing individual differences in brain functioning; namely susceptibility to increased or decreased sensitivity in a range of executive systems in the brain (George and Koob, 2010) . In relation to this, future studies may wish to examine the relationship between EFs, selfregulation, and the transition to addiction, while ensuring sufficient power to explore mediating and moderating factors based on the characteristics of particular subgroups that reflect these individual differences in the often-heterogeneous SUD populations.
The limitations of the current study must be noted. First, the small sample utilised exclusively consisted of females in residential SUD treatment. Future research may wish to explore the relationship between basic EFs and emotion regulation in male or mixed samples to ascertain whether similar or contrasting relationships exist. This is particularly important given that substance-related changes in cognition are influenced by sex (Becker et al., 2017) , and gender differences potentially lead to diversity in SUD treatment response (Becker et al., 2016) . Additionally, the current study utilised a screening measure of personality disorder and, although evidence suggests that this is an appropriate brief and cost-effective measure for SUD populations (Gonzalez, 2014; Hesse and Moran, 2010; Hesse et al., 2008) , future studies may wish to examine the relationship between basic EFs and emotion regulation using full diagnostic assessments and/or other dimensional measures (Karukivi et al., 2017) of personality disorder. With regards to Axis I diagnoses, a high prevalence and significant heterogeneity was observed in the current study.
While the current study aimed to explore the role of personality disorders, future studies with larger samples may explore the role of Axis I diagnoses in the relationship between EFs and emotion dysregulation (e.g., utilising mediation/moderation analyses to explore relationships for particular diagnostic subgroups).
A further area of exploration for future studies concerns assessment of cognition more broadly, through utilising neuropsychological batteries including diverse tasks. This could provide data to effectively characterise level of cognitive functioning, as well as performance across other cognitive domains. While SUD populations generally display cognitive deficits (e.g., Manning et al., 2017) , it may be that the relationship between EFs and emotion dysregulation is influenced by overall level of cognitive performance and/or performance in other cognitive domains.
While there is some evidence suggesting that the self-report Difficulties in Emotion Regulation Scale (DERS) is appropriate for use in SUD populations, it must be acknowledged that due to the lack of large-scale validation studies in SUD populations, the validity and reliability of this measure for SUD remains to be clarified. A recent validation study for the DERS investigated a naturalistic sample of adult outpatients receiving dialectical behavior therapy including those with borderline personality disorder, mood disorder, anxiety disorder, and SUD diagnoses (Osborne et al., 2017) . Results indicated that a modified bifactor model, which excluded items from the Lack of Emotional Awareness subscale, provided the best fit of the data. Additionally, DERS total score (excluding Lack of Emotional Awareness items) displayed acceptable reliability and criterion-related validity in the study sample. These findings highlight the need to clarify whether SUD populations display levels of insight and awareness regarding their emotional experience to render the use of a self-report measure of emotion dysregulation appropriate.
Related to this, there is a more general ongoing debate regarding the use of self-report measures vs. behavioral laboratory tasks (Cyders & Coskunpinar, 2011) .
For example, it has been suggested that these methodologies may assess distinct components of the construct of impulsivity (Cyders & Coskunpinar, 2011) . Future research would benefit from the inclusion of a combination of experimental tasks assessing emotion regulation capacity, as well as self-report measures. This may help to clarify points of convergence and divergence of these methodologies, and provide a richer understanding of the relationship between EFs and emotion dysregulation in SUD populations.
In conclusion, the current study demonstrated that task-switching performance in contrast to other basic EFs, working memory and inhibition, was uniquely related to difficulties in emotion regulation in an all-female sample of residents attending residential SUD treatment. This relationship was partly explained by personality disorder indicators. These findings have implications for the design and development of cognitive training interventions to address the neurocognitive dysfunction present in SUD populations. There is a pressing need for further research that seeks to explore the neurocognitive bases of self-regulation to support the development of cognitive training interventions that include efficacious and specific active ingredients. The development of new interventions that translate to improvements in clinically meaningful outcomes that support treatment retention in SUD, such as emotion regulation, may benefit those individuals seeking long-term recovery from drug and alcohol addiction. 
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